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Abstract 
As new aromatic heterocycles, transition-metal-containing metallaaromatics are 
currently attracting considerably attentions because of their aromatic properties and 
organometallic reactivities. Significant progress has been made recently in synthesis 
and reactivity studies of metallaaromatics. However, there are few examples of 
constructing new metallaaromatics based on classic organic reactions. In this 
dissertation, several unprecedent fused metallaaromatics were prepared by employing 
some classic organic reactions. The related mechanisms of these reacions have also 
been thoroughly studied. In addition, several key intermediates of the reaction have 
been isolated and structurally characterized. This dissertation consists of the following 
six chapters: 
In chapter 1, the research progress of the similarities and differences between 
transition-metal-containing metallaaromatics and classic aromatics are briefly 
reviewed. According to the main objective of this dissertation, the research progress 
of fused metallaaromatics and several classic organic reactions are also reviewed. In 
addition, the research objectives of this dissertation are presented.. 
In chapter 2, the first intramolecular SNAr reaction of metallabenzenes has been 
demonstrated, which results in the isolation of the first metallabenzothiazole and 
metallabenzoxazoles. This study demonstrates that metallabenzenes can undergo 
annulation reaction to form fused metallaaromatics. Moreover, the osmabenzene 
containing a thiocyano group can react with nucleophiles ( such as methyl lithium and 
lithium acetylides) to give new osmabenzenes, which contain unsaturated groups on 
the osmabenzene ring. 
In chapter 3, the first m-metallapyridine and the first metallapyridyne have been 
successfully synthesized under mild reaction conditions. The two novel complexes 
can also be regarded as the first metallaisoquinoline and the first metallaisoquinolyne. 
Futhermore, the two complexes are rare metal-bridged polycyclic metallabenzenoid 















In this chapter, the key intermediates in the iodine-mediated electrophilic cyclization 
reactions of metallabenzenes have also isolated and structurally characterized, which 
is different to the general accepted iodonium form. And these reactions also represent 
the first successful examples of employing this valuable methodology in metallacycle 
chemistry. This finding also allows us to expand the metallabenzene chemistry and 
open up new approach to higher -electron metallaaromatics. 
In chapter 4, the first examples of cine-substitution reactions of metallaaromatics 
have been observed experimentally and studied computationally. The net 
cine-substitution products can be obtained from the reaction of osmabenzene with 
alcohols in presence of strong alkali. For the reaction with amines, the desired 
cine-substitution products can also be achieved in accompany with the five-membered 
ring species under the similar reaction condition. All the investigations (i.e., in situ 
NMR experiments and isotopic labeling experiments) support that the 
cine-substitution reactions involve a sequence of three key steps: addition of the 
nucleophile, ring opening, and ring closure, which resemble the classical addition of 
nucleophile-ring opening-ring closure (ANRORC) mechanism. These findings were 
corroborated by DFT calculations and demonstrate that the nucleophilicity of the 
nucleophiles and the basicity of the reaction conditions are crucial for the 
cine-substitution reactions. In addition, a novel cyclization reaction leading to 
five-membered osmabicycle complexes has been studied based on the hydroamination 
reaction. 
In chapter 5, the first five-membered rings containing metal vinylidene fragment 
have been successfully synthesized via bromine-mediated electrophilic cyclization 
reactions. The novel complexes can be regarded as the new highly stained 
five-membered metallacycloallenes. Computational analyses revealed that 
incorporation of transition metal moieties relieved considerable ring strain and 
indicated a trend toward ring enlargement in the five-membered metallacycloallenes. 
Consistent with the calculation results, five-membered metallacycloallenes could be 
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